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limit, for the Aph' muUlion were confined L T\ f^iti , "P*""™*- Th« P^^ca! map 

locu5. The 1 . 1 -kik)basc^i° frwme^i^oif The^ Anh r ' "^""base P-'' region within the HSV DNA poJymer.se 
sequence analysis retTaW an AT to GC «*lfin T ^"^^ *yP"«nsitivi<y to PAA, and DNA 
three po.er.tiai I open readin frames wif£„ ,h? ^ ■! " ttia r r n ^ nt « th * Aph' mutant. AnaJysis of the 



Herpes s.mplcx virus (HSV) induces a novel DNA poly- 
merase , n mfeelcd cells lh;.[ is immunologically and bio- 
c.iem.cally d.slincl from host cell PNA polymerase ( 18 3') 
I he v,ral DNA polymerase h;.s been purified and e.xtcns'ivelv 
characterized w.th rcspea to its substrate spccificilv reac- 
tion optima, and kineiic behavior (18. 24 V) The major 
componcni of purified polymerase is a polypeptide with a 
molecular weigh! of about 140.000 that bears DNA- 
poymeruing aciivity (18. ; 4 ). To ma, .he HSV DNA 
polymerase gene in .he viral genome, a variety of tempera- 
lurc-scn^.i.vc or drug-rcsistam mutants have been isolated 
beenuj;, .' u ^ ^ ° NA ^ m "^ V™ has 

he DNA sequences of this region of HSV-l have been 
de erm-nej by Gibbs c. a.. ,15, and Quinn and McCc"h 
(-. I. I he region contained the gene which included a 3 705- 

•i noWn, 1' OPC 1 rCi,ding framC lha< is ca P :,blc °f encoding 
W mCil " m ° ,CCUl: ' r Wei8h ' of : 'PP«>xima,ely 
i,e„n'h ' S '".^cement with the previous estimated 
M/t of he major polypeptide of viral DNA polymerase 

Aphidicohr ,. a tetracyclic ditcrpenoid. efTectivelv inhibits 
he ac„v„y of HSV D*A polymerase in v ilro as well as th c 
replication of HSV in cultures (13. 22-24). although .his 
« bctn n k "-" "> ^ a highly specific So of 
Z, 7T Q -">;^.DNA polymerase (13). W c have recently 

iyi 'msV S ^ ,d,C °" n ^^ ,a "' ' A Ph') mutant from HSV 
lypt . (HSV-2) using aphidicolin as the selective agent and 
have shown (hat the mulant induces an altered viral DNA 
ef ! Se « ha ' h3S a rcduceiJ affini 'y ,0 aphidicolin and an 
he Z\ ^""l '° dCTP afld dTTP t0m P ared -i'h (hat of 
al w,,d In addition, (he Aph' mutant 

cid b ( PA A h /^ r u ! n, ; ,,V,,y PP " ana,0g ' P h «»p'onoace.ic 
acio (PAA). Thus. ,t may be reasonable to expect that the ' 
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mutation occurs within or adjacent to the binding sites for 
aphidicolin. PP ; . and substrates. 

In this study we show by marker transfer experiments that 
a l.l-kilobasc-pair(kbp) region within the HSV DNA poly- 
merase locus contains a mutation that confers altered sensi- 
tiv.ty io aphidicolin. Furthermore, we compared the nucle- 
otide sequences or this portion between Aph' and wild-lype 
viruses and determined the mutalion site that is responsible 
lor the aphidicolin resistance phenotype. 

MATERIALS AND METHODS 
Cells and virus. African green monkey kidney cells (Vero) 
were grown in Eagle minimal essential medium supple- 
mented with 55? calf serum. 100 U of penicillin per ml. and" 
100 u.g of streptomycin per ml. Human embryonic fibroblasts 
were prepared as described previously (20) and used for the 
assay ofplating efficiency of viruses. Wild-type HSV-2 strain 

S, W u„ 0n8,na "^°^ aine r from Fred Ra PP- Pennsylvania 
State University College of Medicine, University Park Pa 

ously ( S °')"° n APH ' mUtam h3S been descn °cd Previ- 

ChemicaLs and eniymes. Aphidicolin and disodium PAA 
were purchased from Wako Pure Chemicals and Sigma 
Chemical Co. (St. Louis. Mo.), respectively. Restriction 
endonucleases were purchased from Wako Pure Chemicals 
and Toyobo Co.. Ltd.. and used under conditions recom- 
mended by the suppliers. T4 DNA ligase and bacterial 
alkaline phosphatase were obtained from Takara Shuzo Co 
Ltd. The Klenow fragment of Escherichia coli DNA poly- 
merase |. DNA sequencing reagents, and fa- ,: P)dCTP (400 
Ci/mmol) were obtained from Amersham Corp. (Arlington 
Heights. III.). 

Preparation of DNA. Infectious HSV DNA to be used for 
m u J,?" sfer ex P crimcnls w « prepared as follows. Wild- 
type HSV-2 strain 186 was infected onto monolayers of Vero 
cells at a multiplicity of approximately 0.1 PFU per cell 
After incubation for 20 h at 36^. the medium was collected 
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r£V>^^**™ e \T m ^ DNA 

mo,ec U ,e with phytal nTp' coX.T.7 • ^h^' o'nd > HSV - 2 ° NA 
recogn.non sites for HinUU Z i ll , ,he * econd represents 
isolated from HSV-2 s ,L '"^nucleases on DNA 

region (EHX) between c £rd* n,« o ^7 "" e I , shows a " "panded 
'he locus, with r es^«l I"l ■ °' 442 Which "a*"*"* 
*«*HHB). WIHo / «2,m 7»^ cognition sites for 
(X). Sizes of ,h, r S/n t h e f'" R ( ' (tK (K) ' and <™«< 
of 'he EHX fragment Jhh * ,unW en ^ V genera ' Cd 
bottom ofihe figure. AhbreSl M ^ ' "* deP ' C,Cd al ,he 
short unique sequences „'. ' ' '° ng " n,quc fences; U,, 
sequences. * "' b " •' nt ' c " »"d internal rcdundan 



iind centrifuged al .1.000 x f or in m ._ T . 
further ccntrifuged a, 87.7M I x fo I h 't 4V T^"'^ 
pellet of extracellular viruses The . ° makc a 

TNE buffer CO mM Tri^K « T, f 6 " 6 ' was suspended in 
NaCI. 1 mM EOT*? £eredtmo r'^ 7 - 4 '' 150 mM 
gra*™. and centrlfug^f K 'xTfi ' f^r™ 
band was collected and pelleted .tt 87.7m" \ "for , h ^ 
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fNA fragments of .he Auh" m « , °' a " ,,ecled wi,h e'oned 
ONA of HSV-2 strain m tk ' a " d lnf ee'i<*« wild-type (W) 
-islance to apnldico^ y ^S^i-Nfo! 

»ph.d,coli n per ml. H indica™ * HMIllV?™™ ° f 5 "« of 
EHX. a. b. and c are deftned ,'£,££ Vo rJT"' ° f Aph ' 



Jm!* LE ' f ffecl of aph'dieolin and PAA on the Dlatine 
efnc.enaes of wi,d. lyp e. Aph' mutant, and progeny Aph' 

mutant viruses 



Plating efficiency with* 



Wild type 
Aph' mutant 
Progeny Aph' 



Aphidicolin 
(2 ng'ml) 



PAA 

f^5 ng/ml» 



<0.05 
0.83 
0.75 



0.60 
<0.05 
<0.05 



^on"^^^^^ con«uen, rnnnotayer, or h UB1M 
virus. After a ]-h Sorption S »«h approx.ma.ely 100 PFU of each 
agarose in Eagle minimal I cZST™ °" Z&M wi "> <»-5» 

.«I PAH.!. ^ ^l^SS^^'^i 
fragments of Anh r viral r>MA . "'"dill H 

from a shotgun XZ££^£*!? :t,V ' iy : * cre ob,ained 
methods (30). T^rwinS^ fS' P T' 0US>y described 

•ion anafysis of Cloned Si & ° RI a " d by double di ««- 

PAEHX containing he EHV 1?' Sh ° Wn) - P,asmid 

from plasmid 1 bv££, fragme " , i F »8- D was ob.ained 
Digestion ^ ^,he EHX ^f* 0 ' Md se 'f-»ea<ion. 

separated on a vcrtica fl » \ " , u f,a ^ cr "s were 

glass bead method ™3?SSel £! pACYCl^r b / ^ 
propagated in £,W,mV /,/V, HBlOj <2K and ,hen 

ro^V^fcc,! 3 v" ,ran , Sfer «™ P- 

i" ? o pACYCl84. ^Xr^'te£S 



EHX 
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£HX-c f—f 
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DNTseqUce'!^ 

v-ruses. Arrows indicate t^e dEf.nl- ^ ° f A P h ' """»"' 
detemtimiiion. Endpoin.s for seq^'' "n^.. " ,en ' ° f se «' uence 
soltd circles (J' ends) and anSKs m- a ~ '"*ca,ed w„h 
several restriction endonuclea^ . ' d, J: ^ P 0 *'"'"'' of 
enzyme abbreviations are aHo tow, R «J M,*' c " ReS ' rie,ion 
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CCA TCC TCC CAC CTC CCC CAC TCC CAC CTC ACC CAT CTC CCC TCC 4 5 

Cly Sor Cys Asp Lou Pro Clu Scr His Leu So: Asp Leu Ala Ser IS 

— — je — 

ACC CCC CTC CCG CCC CCC CTC CTC CTC GAG TTT CAC ACC CAA TTC 90 

Arq Cly Lou Pro Aki Pro Va 1 Val Leu Clu Phc Asp Scr Clu Phc 30 

CAC ATC CTC CTC ^CC TTC ATC ACC TTC CTC" AAC CAC TAC CGC CCC US 

Clu Mo'; Leu Lou Al* Who Met Thr ?y_o Va) Lys Clu Tyr Cly Pro 4 5 

CAG TTC CTC ACC CCC TAC AAC ATC ATC AAC TTC CAC TCC CCC TTC 180 

Clu Phe Val Thr Cly Tyr Asn lie Me Asn The Asp Trp Pro Phe 60 

* • • kJ« . # # / 

CiC CTC ACC AAC CTC ACC CAC ATC TAC AAC CTC CCC CTC CAC GCG 2 25 / 

v * 1 ^ou Th£ Lys Lou Thr Clu tie Tyr Lys Va 1 Pro Leu Asp Gly 7 = 

TAC GCC CGC ATC A AC GCC CGC CCT CTC TTC CCC CTC TGC CAC ATC 2 7 0 

Tyr Cly Arq Met Asn Cly Arq Cly Va 1 Phe Arq Val Trp Asp He -90 

CGC CAC ACC CAC TTT CAC AAC CCC ACC AAC ATC AAG CTG AAC CCG 315 

C:.- Glr. Svr I. is Phe Clr: Lys Arq Ser Lys Me Lys 1 Asn Cly 105 

ATC CTC AAC ATC CAC ATC TAC CCC ATC ATC ACC CAC AAG CTC AAA 3 60 

V.^t Val Asn He Asp Met Tyr Cly lie He Thr Asp Lys VaJ Lys 120 

CTC TCC ACC TAC AAC CTC AAC CCC CTC CCC CAG GCC CTC TTC AAC 405 

l.ou Sor Sor Tyr Lys Lou Asn Ala Val Ala Clu Ah Va 1 Leu Lys 135 

CAC AAC AAG AAC CAT CTC AGC TAC CCC CAC ATC CCC CCC TAC TAC 4 50 

As:' lv.. Lys Lys Asp Leu Ser Tyr Ara Asp lie Pro Ala Tyr Tyr 150 

CCC TCC CC3 CCC GCC CAC CCC CCG CTC ATC CCC CAC TAT TCT CTG 4 95 

A:/i s.-: Cly Pro A 1 .i C'n Arq Cly Va 1 lie Gly Clu Tyr Cys Va 1 165 

J p 

CAC CAC TCC CTG CTO CTC CCG CAC CTC TTC TTC AAC TTT CTG CCG 540 

Gin h%;> Ser Leu Leu Va I Gly Cln Leu Phc Phe Lys Phe L^u Pro 180 

C;c CTC CAC CTT TCC CCC CTC CCC CCC CTC CCC CCC ATC AAC ATC 585 

His Lou Clu Lo-j Scr Ala Va 1 Ala Arn Leu Ala Cly !lc Asn lie 195 

ACC CCC ACC ATC TAC CAC CCC CAC CAC ATC CCC CTC TTC ACC TCC 6 30 

. hr Arc Thr I ! Tyr Asp Cly Cln Cln He Arg Va I Phc Thr Cys 210 



Z AC ACC 675 
225 



720 
240 



CTC CTC CCC CTT CCC CCC CAC AAC CCC TTC ATC CTC CCC 

L<-j Leu Arq Leu Ala C_^y_ Cln Lys Cly Phe Me Leu Pre Asp Thr 

CAG CCC CCC TTT CGC CCC CTC CAC AAC CAC CCC CCC AAG CCC CCC 
Cln Cly Arq The Arq Cly Leu As£ Ly^s C I u Ala Pro Lys Arq Pro 

2? C C ^ C£C CAC CCC CCG GGG ca * GGG AAC CCG 76 5 

Ala VaI Pro Arq CLy r\» CJ^ Clu Arg P-o Ctj As£ Cl^ Asn Cl^ 255 

• ooo • • • • 

?™ r? G 5* T AAG CAC CAC ( CA '- CAC CAC CCCVCA? CAC CAC GCC\ CAC 810 
Clu Asp ^ asj. AsgUsg Clu AS£ Cly/£s£ Clu AS£ Cly/Asg 270 

C^ Aro r AC " 3 r AC C 7- G V C CcC CAC ACV GGG CCC CCC CAC CTT GCG 855 
CU Arq Clu Clu Vai^ Ala Arq Clu Thr CI* Cly Arq His Va 1 Cly 285 

C ~ A 3I K • si 

Jvr ctn r?° a CC w T ° C ™ CAC CCC AC * TCC G CC TTT CAC C?TC 900 

•vr Cln Cly Ala Ara Va 1 Leu Asp Pro Thr Scr Gly Phe His Va 1 } 0 0 

CAC CCC CTC CTC CTC TTT CAC TTT CCC ACC CTC TAC CCC ACC ATC 94 5 

AS£ Pro val Val Va I Phc Asp Phe Ala Ser Leu Tyr Pro Ser lie m 

Mr ctn A CC « AC AAC T C TGC ?TC AC * ACG CT " TCC CTC CGC CCC 990 
Mo Cln Ala His Asn Leu Cys Phc Ser Thr Leu Ser Leu Arq Pro 

CA . G ^ ST? GCC S AC CTG CAC CCG CAC CCC CAC TAC CTC CAC ATC 



'-lu Ala Val Ala His Leu Glu Al 



330 



1035 



a Af£ Arg Asp Tyr Leu Clu Me 345 



CAC CTC CCG GCC CCA CCC CTC TTC TTC CTC AAC err TAr rri rrr 

Clu VaijGly Cly Arg^Arq Louche jg ffl L^AlaJ^P^Jg ^ 

^ C , CT5 T G ? CC ATC CTC CTC CC C CAC TCC CTG CCC ATc""cGA 1125 

Cl^JerjLou Leu Ser M - Leu Leu Arg Asp Trp Leu Ala MeT Arg "75 

AAC CAC ATC CCC TCC CCC ATC C , , A , 
J.ys Cln Me Arg Ser Arq He 
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562 
091 



- - Cly Tyr Gin Cly Ala Thr Val He Gin Pro Leu Ser Gly Phe 

Gly Arg His Val Cly Tyr Gin Gly A ia Ly3 Val Leu Asp Pro Thr Ser Gly Pne 

Gly Ar g His Val Gly Tyr cin Cly A ia Arg Val Leu Asp Pro Thr Ser Gly Pre 
His 
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^ V <^ n «^ «- HSV.2 DNA po.ymerase protein sequences and ,hc 

are marked as with colons. Dashes represent ■* ,he M ldcntkal re<idu " 

polymerases arc from Gihbs et al. (15) and Baer et anir^Selv 1^^'?^ • T" 10 UC ' d ^""^ * HSV-I and KBV DNA 
Abbreviations; [i. p. shec| . j, reverse (urn respectively. The pred.cled secondary structure for .he region of HSV-I is shown. 



were cleaved free of Ihe vector or linearized by digestion 
with appropriate restriction enzymes, because this proce- 
dure has been shown to increase recombination efficiency 
% , Jnn?.' flfCC r livi ' y of vvild-.ypc DNA was usually 
-00 to 300 PFU/np of viral DNA. Vcro cell., thai were at 
subconnuency m 25-cm- flasks were transfected with 1 ml of 
a calcium phosphate precipitate containing 1.1 ug of salmon 
sperm DNA. 2 |xg of intact wild-type DNA. and S no of 
-estnction enzyme-digested plasmid DNA derived from the 
Apn mutant. Ihe molar ratio of intact DN.4 to DNA 
fragments was varied from 1:25 to 1:350. Cells were exposed 
to the mixed DNA for 5 h and then shocked with 207, 
(vol/vol) dimethyl sulfoxide for I min to increase the cm- 
uency of transection (29). The cultures were incubated at 
M C until total cyiopathic efTect w;is observed 

In 5 u. g of aphidicolin per ml. the plating efficiency of the 
Aph mutant was more than 1 .000-fold higher than .hat of 
u.ld-type v.rus. Therefore, the progeny viruses from marker 
transfer experiments were tested for their ability to form 
plaques in 5 ng of aphidicolin per ml 

DNA sequence analysis. The 1.1-kbp EHX-c fragments 
Wd. v„ ns^"^ r T, b °' h ^cidolin-resisiant and 
JcYCl J n fi an . d Cloned into fi,m,HI-rcstrictcd 
EHX c DNA J restriction fragments dcriv-d from 
v .7- ,r SmV ,n msCr,cd m, ° ,he clonin B and sequeninc 
ectors M13 mpIO. mpll. or m P 19 ,27.. Following ligation 

were Z T ma, , ,0n °, f Cd,S - ,hC P"*™* MU ptages 

were plated under sclccl.ve conditions, and putative recom- 
binants were picked. Sequence analysis by the didcox^- 
nuclcqitdc triphosphate chain termination method ( S was 
performed w.th single-stranded M13 phage DNA as a 
template. The synthesis tactions were primed w^h a 17 
residue fragment CTAKARA Shuzo Co.. Ltd. tha hybrid 
■zed adjacent to the inserted DNA. Reactions were ex ended 
with Klenow DNA polymerase in the presence of | ,: P dCTP 
rh.n sequenc.ng gels containing 6% polyacrylamidc were 

RESULTS 

Marker transfer or the aphidicolin-resistant phenotype 

Physical restnction endonuclease mapping of the TlZp 



EHX fragment was performed by single and multiple en- 
zyme digestions of plasmid pWEHX (Fig. 1). Restriction 
enzyme patterns of HSV-2 strain 1W> in this region were 
almost identical with those or strain HG52 (4). except that 
ihe former had additional cleavage sites to restriction 
endonuclcascs «,;mHI and B K !U. It was also noted that a 
cleavage site to K P n\ was lost in the EHX-c fragment of the 
Aph' mutant DNA. 

Definition of the location of the aphidicolin resistance 
mutation was accomplished by the marker transfer ap- 
proach. Marker transfer experiments were performed by 
ni?. ? g Vero cclls Wilh a mix,urc (,f inla « wild-type 
n^rvrlt indi r id " al A P h ' DN * fragments cloned into 
PAL Yt 1K4. and the progeny viruses were tested for their 
ability to rorm plaques in 5 ug of aphidicolin per ml In Ihe 
^M?f h - 't rgC rni Z meM * « r Aph' mutant DNA such 
as //«dlH-H and EHX were employed for transfer to obtain 
a preliminary localization of the mutation. Results of these 
marker transfer experiments suggest that the mutation is 
bcalizcd on the DNA polymerase locus, no. on the major 
DNA-b.nd.ng protein locus. The next experiments were 

ET* "phv r ^ DN / rragmcn,s ,ha ' wcre dcrivcd 
Iron, the EHX fragment or the Aph' mutant. The EHX-c 

fragment ol the Aph' mutant transferred aphidicolin resist- 
ance 16-fold more efficiently than when no fragment was 
added, whereas the EHX-a and -b fragments did not (Fig 
Ihe progeny that acquired aphidicolin resistance in these 
transactions were also tested for sensitivity to PA A While 
the plating efficiency or wild-type vin/s was O.ftO with 25 wt 
of PAA per ml. those of the Aph' mutant and the progeny 
Aph mutant viruses were less than 0.0? (Table 1) These 
results indicate that the EHX-c fragment confers ahered 
sensitivity , 0 both aphidicolin and PAA 

Comparative nucleotide sequence analysis of DNA polymer- 
«e locus specifying .phldkolln resistance. Marker^ansfer 
exper.ments showed thai the mutational specifying 
aphidicolin resistance are contained within the EHX-c re. 
gion of the Aph' mui.nl DNA. To understand the phen*^ c 
° f , aph,d,co, ' n sc " silivi «y be'ween the wild ty£ 
and the Aph' mutant virus, we determined the nucleotide 
sequence for (his portion. "ucieonue 

Figure 3 illustrates the nucleotide sequencing strategy for 
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and ,„c locations of recognition si.es fori en" vm ^ DNA between map units 0..W and 0.4™ : 

nbove .he hne for HSV. J s.rain 186 and below ,he line fo HSV 1 The ?I«h i ? <B '' £< " RI (EK and X '"'> ,Xh > »™ ^own 

and ,ne DNA My/ncrasc: .he vertical bar shows ,h" e focu, « high! JcontrveJ nn,!^'"^ eoCode ,he re P''""°" origin (OriL. 

locauons o. mo, ? „o ns in 0..g.r«is,;, nI mu.ams PAA'5 (7.9 1< PAaT 1 1 J 9 T pV^AT^v» anJn,al DNA Polymerases. The 
•inJ Aph' are md.cu.ed at .he hoiiom of .he figure. The arrow « J m , , " '■; J 101 2 NDC 1 ,,, »- ACG ' 4 AraA'9(15). 

r«'»««nce. S " re P rcscn "> •»« Hiuiauon sue of (he Aph' mu.anl virus .ha. confers aphidicolin 



tht EHX-c DNA fragment in which HcoRl, B^IW. p v „\\ 
Son. and Ba.nm sites were used. Small restriction enzyme 
fragments were cloned into appropriately cleaved MM Uc- 
ors and smgle-stmndcd phage DNAs were used dircJtly as 

TL-hn ™°v SC ? UCnCC ana ' ysi!1 - Thc DNA se «« u «« of .he 
l.I-kbp EHX-c fragment wuhin the HSV DNA polymerase 

m" t C ho7 ( V^a, de l er T ined b / ' hC dide o^ chain-termination 
frCv „5 ■ K AnalyS,S , ° f ' he three P° ,emial °Pen reading 
irarnes of this pon.on and comparison of this DNA sequence 

ScifHSV nTJ y iV Crmin r , . r0r ' he ° NA Po'V^rase 
1 147 hn .h i 25) revealed an open reading frame of 

two FH V r WaS Capab ! c ° f enc ° d ing 382 amino acids. The 
AT ? io rr . EmCn ' S ' ffCrCd ty a change, an 

FHV r? ,rans,,,on - on ,he recognition site of the 
tHX-c fragment, and this singic-bii.se change resulted in the 
substitution of a tyrosine to a histidinc (Fig. 4). 

DISCUSSION 

i, nhw U ' lS u lh ' S S1U ^ y dcmon stratcs that the Aph' mutation 
(map units 0.4,0 to 0.4,7, of ^1 ^J^^SS 



hypersensmv.ty of a analog. PAA. to wild-typc virus. 

,hi r £ nJ°A S1 2 • (5) have Sh0wn thal mu,a 'io«s within 
the major DNA-binding protein locus can also confer altered 
scns.tmty ,o aphidicolin and PAA. our Aph' mutant did not 
contain such mutations within the major DNA-binding pro- 
he" e f en " y - Gi " bS 61 31 (15) havc shown '"^ all of 
the DNA polymerase mutations conferring altered drue 
sensitivity from eight different mutants of HSV- 1 lie within 
(he 2.5-kbp region between the EcoRl site at 0.422 and the 
K P n\ site at 0.434 on the HSV-1 physical map. Our DNA 
nf hcv" ndmap P in f data indicate that the l.I-kbp region 
or HSV-2. which conferred aphidicolin resistance and PAA 

If P HSv n . S, ",r ly -, a ! m . 0 u S ' ovcrla PP ed wit " «he 2.5-kbp region 
of HSV-,: this ,.l-kbp re gI on of HSV-2 corresponded to 
ammo acids 415 to 788 in the predicted amino acid sequence 
on thc HSV- 1 p«/ peptide. 

• fr™ e ,M"' tb r P ? NA * e< " ,ence of ,he Aph' mutant differed 
from that of the w.ld type by a single base, and the 
assignment of thc codon reading frame to this region rc 
vealed that the mutation changed the codon TAC to CAC 
thus changing an amino acid residue of the DNA polymeiase 
protein from a tyrosine to a histidine. The mutation site 
corresponded to Tyr at residue 696 in the predicted HSV-1 
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/'"/ polypeptide and was located in a well-conserved region 
with an amino acid sequence that had exiensive homology 
with the predicted Epstein-Barr virus (EBV) DNA polymer- 
ase. According to the alignment or the predicted amino acid 
sequence for HSV-1 and EBV DNA polymerases by Quinn 
and McCcoch (25.. 41 amino acid residues (starting at amino 
acid 695) containing the Tyr at residue 696 had 75% homol- 
ogy with the corresponding region of EBV DNA polymer- 
ase, while the overall amino acid homology was approxi- 
matcly 39% <F,g. 5 ). The Aph' mutation she was exactly 
located at the left end (Kpnl site at 0.415 map units) of the 
physical map limits of the PAA'5 and ACG'4 mutations and 
was separate from the PAA'l and AraA'9 mutations (Fig 6) 
Results of recent studies (14. 15. 25) have revealed the 
XT"? h ' ehly conscrvciJ region of 13 amino acids in 
the carboxyl-tcrm.nal end of HSV-l. EBV. adenovirus type 
and vaccinia virus DNA polymerases. The position of the 
i yr-Mis change, however, was located 185 amino acid 

K"" bC /Z ' hC ^ COnscrvcd ^ San " 

• mino acd 881 on the HSV-1 P „, pcpti de. These observa- 
ions suggest that regions spanning the entire carboxyl- 
terminal portion of the predicted polymerase polypeptide 
may contribute to the formation of the binding si.efsVfor 
substrates and aphidicolin. 

The change of Tyr to His seems to be relatively conserv. 
a..ve but histidme is a basic amino acid and is less hy do- 
Phobic than tyrosine (28). When we predicted the secondary 
structure in the region around the Aph' mutation site by the 
method ol Chou and Fasman (6>. the region around Tyr at 
residue 286 o, wMd-type DNA polymerase seemed likely to 
form , reverse turn (lankcd by (J-shcct structures (Fig 5, 

relax \lih h lll ° n 1° H '' S W ° Uld be "I*"** <° ^ 

;i " S h 0Ur dala s «S8e« «hat altered properties of 
chVnn P ° ,ymcrasc arc ='»nbutcd to a single amino acid 
change we cannot at present fully account for the signifi- 
cance of th.s substitution. E 

nafv h con?v„ n ^ P ° ned ,hat HSV -' DNA Po'^crase inter- 
FBV DN A , ° m ' 1JOr m * eni ™ relative to the predicted 
EBV DNA polymerase (15. 25). one of which consists of 49 
residues starting at residue 646 in the HSV-1 DNA polymer- 
cuv corrcs P° n(J ing region (residues 232 to -»84 of the 

copies or tandem repeat consisting of 12 nucleotides (4 
sn it is i t , HSV-l. rh.s region is particularly hydrophilic 

so us hkdy lh;il „ ls l0C((cd H|) ( nf-mc 

seems ^ lymcr '^ From these observations I 

seems reasonable to speculate that this region m iv be 

StTa'^ ,hc Polymcri.ioe activity, a.fho gl" |£ 

near the Aph r mutation site. 
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